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1
ELECTRONIC FUSE CELL AND ARRAY

FIELD

The present invention relates generally to the data process-
ing field, and more particularly, relates to sensing the logical
state of electronic fuses (eFuses).

BACKGROUND

Electronic fuses (eFuses) are currently used to configure
elements after the silicon masking and fabrication process in
integrated circuits. EFuses are non-volatile storage elements
that include either an antifuse, which is a programmable
element that provides an initial high resistance and when
blown provides a selective low resistance or short circuit; or a
fuse, which is a programmable element that provides an ini-
tial low resistance and when blown provides a selective high
resistance or open circuit. These fuses typically are used to
configure circuits for customization or to correct silicon
manufacturing defects and increase manufacturing yield. In
very large scale integrated circuits, it is common to have
fuses, such as eFuses, that can be programmed for various
reasons. These reasons include invoking redundant elements
in memory arrays for repairing failing locations or program-
ming identification information.

SUMMARY

Embodiments may include an eFuse cell apparatus and a
design structure of an eFuse cell. The eFuse cell may include
an eFuse having a first end and a second end, and a first
resistance when in an unblown state and a second resistance
when in a blown state. A blowFET having a first source/drain
area, a second source/drain area, and a first gate may be
included. The first source/drain area is coupled to the second
end of the eFuse, the second source/drain area is coupled to
ground, and the first gate is coupled to a first node. The eFuse
cell includes a senseFET having a third source/drain area, a
fourth source/drain area, and a second gate. The second gate
is coupled to the first node, the third source/drain area is
coupled to a second node, and the fourth source/drain area
signals a sense signal. The second node is coupled to an
operation signal and the second end of the eFuse. The eFuse
cell includes a select eFuse logic element having an input to
receive a select eFuse signal and an output coupled to the first
node.

In another embodiment, an eFuse cell array on a semicon-
ductor chip is described. The eFuse cell array may include an
eFuse cell described previously. The eFuse cell array also
includes a first bitline coupled to the fourth source/drain area.
A first sensing node of a sense amplifier is coupled to the first
bitline. A second bitline is coupled to a second sensing node
of the sense amplifier. A first pull-up resistor is coupled
between a positive voltage supply rail and a first sensing node
of the sense amplifier. A second pull-up resistor is coupled
between a positive voltage supply rail the second sensing
node of the sense amplifier. A respective reference resistor is
coupled to the first bitline and the second bitline.

In yet another embodiment, an exemplary eFuse cell is
described. The eFuse cell may include an eFuse having a first
resistance in an unblown state and a second resistance in a
blown state. The eFuse cell may include a first switch cou-
pling one end of the eFuse to a voltage source when the eFuse
cellis selected, and a second switch coupling a second end of
the eFuse to a bitline when the eFuse cell is selected. When
selected the eFuse cell is configured to pass a sense current
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through the eFuse and the first switch, the second switch
allows the bitline to sample the voltage drop across the eFuse
with a DC current on the bitline that is less than the sense
current.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1is aschematic diagram of an eFuse cell, according to
an embodiment.

FIG. 2 is a schematic diagram of an eFuse cell array made
up of the eFuse cells of FIG. 1 attached to an eFuse sense
amplifier, according to an embodiment.

FIG. 3 is a schematic diagram illustrating an exemplary
eFuse sense amplifier of FIG. 2 for implementing eFuse resis-
tance measurement of the eFuse cells, according to an
embodiment.

FIG. 4 is a an exemplary timing chart of a sense operation
of'an unblown eFuse, according to an embodiment

FIG. 5 is a block diagram of a semiconductor chip includ-
ing the eFuse cell array of FIG. 2, according to an embodi-
ment.

FIG. 6 is a flow diagram of a design process used in semi-
conductor design, manufacturing, and testing, according to
an embodiment.

DETAILED DESCRIPTION

Embodiments herein provide for an eFuse cell and eFuse
cell array for indirectly sensing the state of an eFuse. Features
illustrated in the drawings are not necessarily drawn to scale.
Descriptions of well-known components and processing
techniques are omitted so as to not unnecessarily obscure the
disclosed embodiments. The descriptions of embodiments
are provided by way of example only, and are not intended to
limit the scope of this invention as claimed. The same num-
bers may be used in the Figures and the Detailed Description
to refer to the same devices, parts, components, steps, opera-
tions, and the like.

In electronics, an eFuse is a technology that allows for the
dynamic real-time reprogramming of circuits. Generally
speaking, circuit logic is ‘etched’ or ‘hard-coded’ onto a semi-
conductor device and cannot be changed after the device has
finished being manufactured. By incorporating an eFuse (or
more realistically, a number of individual eFuses), a semicon-
ductor device manufacturer may allow for the circuits on a
device to change while the device is in operation.

Unlike most fuses, eFuses are not true open circuits when
blown but maintain a very high resistance. For example, a
blown eFuse may have a resistance of approximately 5 kilo-
ohms. With the very high resistance, blown eFuses can be
distinguished from unblown eFuses which may have only
about 100 ohms resistance in a particular technology. When
an eFuse is blown, the final resistance of the eFuse depends
upon how well electromigration has occurred. How well elec-
tromigration occurs depends upon the amount of voltage
across the eFuse and the amount of current through the eFuse.
Due to process, voltage, and current variation, an eFuse may
notblow correctly. An incorrectly blown eFuse usually results
in a resistance, which is lower than expected. Lower resis-
tance of a blown eFuse is a reliability concern. This lower
resistance causes a problem in the ability to accurately sense
whether an eFuse is blown or not by a sense amplifier. Fur-
thermore, sense amplifiers have a region of uncertainty of
several hundred ohms in their detection of the resistance of
the eFuses due to threshold voltage (Vt) variation. This region
of uncertainty may lead to false positives when detecting
unblown and blown eFuses.
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An issue for a traditional architecture of eFuse cells and
eFuse cell arrays is that bitline resistance impacts the blow
and sense operation due to the IR drop induced during these
operations when using the bitline to perform them. Tradi-
tional eFuse array architectures have a high bitline resistance,
which may require a large field effect transistor (FET) for
blowing the eFuse or high programming voltages. The pres-
ence of high bitline resistance may lead to a less reliable
blowing and sensing of the eFuse. EFuse resistance is mea-
sured by running a first current through the eFuse and a
second current through a reference resistance. The voltage
drop across the eFuse and the voltage drop across the refer-
ence resistance are compared. If the eFuse is blown incor-
rectly and the eFuse being tested is located further down the
bitline, which means more bitline resistance, then the sense
amplifier may not be able to compare the reference resistance
and the eFuse resistance correctly in determining the state of
the eFuse. Embodiments, herein, propose an eFuse cell and
eFuse cell array architecture that minimizes the effects of IR
drop due to high bitline resistance. A sense operation may
indicate a voltage drop over the eFuse and the bitline samples
the voltage drop over the eFuse during a sense operation with
less or essentially no DC current on the bitline minimizing the
effects of IR drop due to bitline resistance.

Referring to FIG. 1, a circuit diagram of an eFuse cell 100
is illustrated, according to an embodiment. The eFuse cell 100
may include an eFuse 105, a senseFET 110, a blowFET 115,
and an eFuse select logic 120. The eFuse 105 may have a first
resistance when blown and a second resistance when
unblown. The unblown state first resistance may be 100 ohms
and the blown state second resistance may be 5 kilo-ohms as
one example; however, other resistances are contemplated.
Alternatively, eFuse 105 may be an antifuse, which is a pro-
grammable element that provides an initial high resistance
and when blown provides a selective low resistance or short
circuit.

The eFuse 105 may have a first end and a second end. The
blowFET 115 may have a first gate, first source/drain area,
and a second source/drain area. The blowFET may be any
switch and may be referred to as a first switch The senseFET
110 may have a second gate, third source/drain area, and a
fourth source/drain area. The senseFET 110 may be any
switch and may be referred to as second switch. The
senseFET 110 and blowFET 115 may be nFETs though
pFETs may be considered. For the purpose of the explanation,
the senseFET 110 and blowFET 115 will be treated as nFETs.
The eFuse select logic 120 may have a first input, a second
input, and an output. The eFuse select logic 120 may be a
NOR gate, however other logic gates may be considered.

The first end of the eFuse 105 may be coupled to anode 130
and the second end of the eFuse 105 may be coupled to the
first source/drain area of the blowFET 115. The second
source/drain area of the blowFET 115 may be coupled to a
voltage source. The voltage source may be ground. The first
gate of the blowFET 115 may be coupled to a node 135. Node
135 may be coupled to the gate of the senseFET 110 and to the
output of the eFuse select logic 120. The first input of eFuse
select logic 120 may be a bitline select signal BL,_S and the
second input of the eFuse select logic 120 may be a wordline
select signal WL_S. Node 130 may also be coupled to the
third source/drain of the senseFET 110 and to a signal
Fsource 119. Fsource may be referred to as an operation
signal, which may include the operations an eFuse program
(blow) signal and an eFuse sense signal described below. The
fourth source/drain area of senseFET 110 may be coupled to
a bitline 125, which may be coupled to a sense amplifier 220
(FIG. 2). When both BL_S and WL_S are active low to select
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the eFuse cell 100, Fsource 119 may be activated to either
sense the state of the eFuse 105 or to program the eFuse 105
by blowing it with a higher current than the sense signal.

Referring now to FIG. 2, a circuit diagram is illustrated of
an exemplary eFuse cell array 200, according to an embodi-
ment. The eFuse cell array 200 may include an even eFuse cell
array 205E and an odd eFuse cell array 2050. The even eFuse
cell array 205E may include one or more even bitline columns
210E that are made up of one or more eFuse cells 100.
Likewise, the odd eFuse cell array 2050 may include one or
more odd bitline columns 2100 that are made up of one or
more eFuse cells 100. Bitline columns 2100 and 210E may
be generally referred to as bitline columns 210. For simplic-
ity, six bitline columns 210 are illustrated although any num-
ber of bitlines columns 210 may be considered.

Each bitline column 210 has bitline select signals refer-
enced from BL_S<0>to BL,_S<5>. The bitline select signals
BL_S<0>-BL_S<5> signal their respective bitline columns
210 at the first input of the eFuse select logic 120. The rows of
eFuse cells 100 may be coupled to a wordline 235. The eFuse
cell array 200 illustrated has four wordlines 235; however the
eFuse cell array 200 may have any number of wordlines 235.
Wordlines 235 are coupled to the second inputs of the eFuse
select logic 120 of the respective eFuse cells 100. Wordline
select signals referenced from WL_S<0> to WL_S<3> may
signal the second inputs of the eFuse select logic 120. In this
example, an active low signal WL_S and BL._S may select an
eFuse cell 100 in the array 200 for eFuse blowing or state
sensing operations.

An even bitline 125E ofthe even eFuse cell array 205E may
be coupled to an even reference resistor cell 215F and a sense
amplifier 220 at a node 225. An odd bitline 1250 of the odd
eFuse cell array 2050 may be coupled to an odd reference
resistor cell 2150 and the sense amplifier 220 at a node 230.
The even reference resistor cell 215E may include reference
resistor Ref RE having a first end and a second end and
nFETs N1 and N2. A reference resistor Ref_RE may be
coupled at the first end to N2, as shown in FIG. 2, and an even
Fsource 119E signal. The second end of the reference resistor
Ref RE may be coupled to N1 as shown in FIG. 2. As shown
in FIG. 2, N1 may be coupled to ground. The gate of N1 may
be coupled to an even resistance reference select signal
Ref_even. Ref_even may also be coupled to the gate of N2.
N2 may be coupled to the even bitline 125E and the sense
amplifier 220 as shown. Ref_even may be signaled when a
sense operation of an odd eFuse cell 100 is performed. The
sense amplifier 220 generally compares the resistance of the
even reference resistor Ref RE to the resistance of an odd
eFuse 105 of the selected eFuse cell 100 by comparing volt-
ages to determine whether the eFuse 105 is blown or not. The
sense amplifier 220 will be discussed further below in FIG. 3.

An odd reference resistor cell 2150 may include a refer-
ence resistor Ref_RO having a first end and a second end and
nFETs N3 and N4 each having a gate, source, and drain. The
reference resistor Ref_RO may be coupled at the first end to
N4 and a signal odd Fsource 1190. The second end of the
reference resistor Ref_RO may be coupled to N3 as shown in
FIG. 2. N4 may be coupled to ground as shown. The gate of
N3 may be coupled to odd resistance reference select signal
Ref_odd. Ref_odd may also be coupled to the gate of N4. N3
may be coupled to the odd bitline 1250 and the sense ampli-
fier 220 as shown in FIG. 2. Ref_odd may be signaled when a
sense operation of an even eFuse cell 100 is performed. The
sense amplifier 220 generally compares the resistance of the
odd reference resistor Ref RO to the resistance of an even
eFuse 105 of the selected eFuse cell 100 through voltages to
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determine whether the eFuse 105 is blown or not. An exem-
plary reference resistor may have a resistance of 1 kilo-ohm.

Fsource 119E and 1190 may be signals VPRG or Vdd
minus an IR drop across pull-up resistors RE and RO respec-
tively. VPRG may be a programming voltage that is active
when performing a blow operation of an eFuse 105. Shown in
FIG. 3, VPRG may be controlled by transmission gates 315E
and 3150. Vdd may be a supply voltage for a sense operation
of'an eFuse 105. Vdd may be controlled by a pFET P1. The
source of P1 may be coupled to Vdd while the drain may be
coupled to a first end of an even pull-up resistor RE and a first
end of an odd pull-up resistor RO. The gate of P1 may be
signaled by a sense enable signal S_EN which is signaled
active low for enabling the sense operation. For simplicity the
transmission gates 315E and 3150 (FIG. 3) and P1 are treated
as perfect switches in explaining what signals in which
Fsource is derived. Also, Fsource may be a floating VPRG
and Vdd.

Referring now to FIG. 3, a schematic diagram is illustrated
of'a sense amplifier 220. The sense amplifier 220 may include
even and odd bitlines 125E, 1250. The bitlines 125E, 1250
may be coupled to the sense amplifier 220 at nodes 225 and
230, respectively. On the even side of the sense amplifier 220
there may be the even reference resistor cell 215E coupled to
the sense amplifier 220 at node 225. On the odd side of the
sense amplifier 220 there may be the odd reference resistor
cell 2150 coupled to the sense amplifier 220 at node 230.

The sense amplifier 220 may include an even transmission
gate 310EF defined by a parallel connected pair of series con-
nected pFETs P5, P6 and pair of series connected nFETs N7,
N8 coupled to the even bitline 125E at node 225 and an even
sensing node SAE. The pFETs P5, P6 may receive a gate
input control signal nset and the nFETs N7, N8 may receive
an inverse gate input control signal et . P5 and P6, and N7
and N8 are series connected to protect against the capacitive
coupling from the bitline 125E to the sense amplifier 220 that
may cause data overwrites.

The sense amplifier 220 may include an odd transmission
gate 3100 defined by a parallel connected pair of series
connected pFETs P11, P12 and pair of series connected
nFETs N11, N12 coupled to the odd bitline 1250 at node 230
and an odd sensing node SAO. The pFETs P11, P12 may
receive a gate input control signal nset and the nFETs N11,
N12 may receive an inverse gate input control signal 1iset . The
FETs P11 and P12, and N11 and N12 are series connected to
protect against the capacitive coupling from the odd bitline
1250 to the sense amplifier 220.

As shown in FIG. 3, the eFuse cell array 200 includes, for
example, an n-bit bitline column of eFuse cells 100<0>-
100<n> coupled to the bitlines 125E, 1250 on each side of the
sense amplifier 220. Some bitline columns 210 are 32 bits or
64 bits, for example. As shown in FIG. 3, each of the eFuses
cells 105 on a bitline receive a respective wordline select
signal WL_S<0:n>. Even eFuse cells from an eFuse cell
100<0> receiving a wordline select signal WL._S<0> to an
eFuse cell 100<r-1> receiving a wordline select signal
WL_S<n-1> are coupled to the even bitline 125E. The odd
eFuse cells from eFuse cell 100<1> receiving a wordline
select signal WL_S<1> to eFuse cell 100<n> receiving a
wordline select signal WL._S<n> are coupled to the odd bit-
line 1250. Each eFuse cell 100<0>-100<n> may receive a
bitline select signal BL,_S<0>.

Furthermore, each eFuse cell 100 may be coupled to
Fsource 119, e.g., Fsource 119E for even eFuse cells and
Fsource 1190 for odd eFuse cells. Fsource 119E includes the
even pull-up resistor, referenced as RE, with a first end
coupled to the even bitline 125E. Fsource 1190 includes the
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6

odd pull-up resistor, referenced as RO, with a first end
coupled to the odd bitline 1250. The pull-up resistors RE and
RO are coupled at their second ends to a pFET P1 receiving
the gate input control signal sense enable S_EN. P1 is coupled
to Vdd as shown in FIG. 3. Each respective pull-up resistor
RE and RO has a predetermined resistor value, such as 3
kilo-ohm.

An example of a voltage calculation may illustrate a sense
operation of an odd eFuse 105. At node 225, the voltage will
be Vdd*(Ref_RE/(Ref_RE+RE)). At node 230, the voltage
will be Vdd*(eFuse Resistance/(eFuse Resistance+RO). An
unblown eFuse 105 may have a resistance of 100 ohms, RE
and RO may have a resistance of 3 kilo-ohms, and Ref RE
may have a resistance of 1 kilo-ohms. If Vdd is 1V, then the
voltage at node 225 is 0.25V and the voltage at node 230 is
about 0.09V. The sense amplifier 220 may amplify the volt-
ages and determine which voltage is larger. If the reference
voltage is greater than the eFuse cell 105 voltage, then the
eFuse cell 105 is unblown. If the eFuse cell 105 voltage is
greater than the reference voltage, then the eFuse cell 105 is
blown.

As stated before, Fsource 119E or 1190 may be the output
of'the transmission gates 315E and 3150, respectively, which
is derived from a blow programming voltage VPRG. Trans-
mission gate 315E may have an nFET N5 receiving a gate
input program enable signal prg_e and a pFET P3 receiving a

gate input inverse program enable signal PIg_¢€ . Similarly,
transmission gate 3150 may have an nFET N6 receiving a
gate input program enable signal prg_e and a pFET P4 receiv-

ing a gate input inverse program enable signal Prg_¢ . Trans-
mission gates 315E and 3150 and blowFET 115 (FIG. 1)
must be switched to conduct current from VPRG to blow
eFuse 105.

Sense amplifier 220 may include a sensing circuit gener-
ally designated by reference number 320 coupled to the sens-
ing nodes SAE, SAO including a header pFET P2 coupled
between the voltage supply Vdd and a pair of cross-coupled
inverters 305. A pair of series connected pFETs P7, P8 and an
nFET N9, and a pair of series connected pFETs P9, P10 and
an NFET N10, respectively, may form the cross-coupled
inverters 305. Sensing circuit 320 may include a pull-down
nFET N13 coupling nFET sources N9, N10 to ground when
nset is enabled. A signal pset may control P2, which may be
enabled before nset during the sense operation.

Logic gates NAND1 and NAND2 may be coupled to the
respective sensing nodes SAE, SAO and may include a sec-
ond input connected to the control input nset. The NAND1
and NAND2 may provide output their signal to a first input of
a NAND3 and NAND4, respectively. The second input of
NAND3 may be an address signal ADDR<0>and the second
input of NAND4 may be an inverted ADDR<0> signal from
inverter I1 The output of NAND3 and NAND4 may be
applied to a respective first and second input of a logic gate
NANDS. The output of NANDS may be applied to an inverter
12 driving an output signal dout from the sense amplifier 220.

Having the architecture of the eFuse cell 100, as described,
may reduce the resistance during a blow operation from the
program (blow) voltage VPRG to the eFuse cell 100. The
resistance may be reduced because the program voltage
power may be gridded over the core of the eFuses 105 instead
ot having to follow the bitlines 125E, 1250. Additionally, the
architecture of the eFuse cell 105 provides for only transient
currents through bitlines 125E and 1250, thereby eliminating
DC effects of bitlines during a sense operation.

Referring to FIG. 4, a timing diagram of an eFuse 105 sense
operation is illustrated, according to an embodiment. The
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timing diagram illustrates a sense operation of an unblown
eFuse 105 of eFuse cell 100<0>. At time t0, the eFuse cell
array 200 may be at steady-state. S_EN may be inactive high.
WL_S<0> and BL_S<0> may both be inactive high. The
signal pset may be inactive high and the signal nset may be
inactive low. SAE and SAO may be both low. The output from
the sense amplifier 220 dout may be low. At time t1, the sense
operation may begin when the sense enable signal S_EN
transitions from high to active low.

At time 12, the eFuse 105 may be signaled to be sensed
when both WL_S<0> and BL._S<0> transition from high to
low. In the case of an unblown eFuse 100, the voltage of SAE
may only rise slightly. The voltage of SAO may rise higher
than SAE due to the reference resistor Ref RO having a
higher resistance than the unblown eFuse 105<0>.

Attimet3, pset may be signaled transitioning from inactive
high to active low. Activating pset may cause the voltage of
signal SAO to rise.

At time 4, nset may transition from inactive low to active
high. Activating nset may cause SAE to go to ground and
allow the voltage of SAO to rise to Vdd. Activating nset may
also allow the sense amplifier 220 to compare the resistance
of the eFuse 105<0> to the reference resistor Ref O to deter-
mine whether the eFuse 105<0> is blown or not. If the eFuse
105<0> is unblown, then the output of dout (FIG. 3) may be
inactive low as in the timing diagram illustrated in FIG. 4. If
the eFuse 105<0> is blown, then the output of dout may be
active high.

At time t5, nset may transition from high to low beginning
the sense operation reset process. This may cause the voltage
of SAE to rise slightly and SAO to begin transitioning from
high to low. Shortly after nset transitions low, at time t6, pset
may be signaled to begin transitioning from low to high At
time t7, WL_S<0> and BL._S<0> may transition from low to
high causing SAE and SAO to signal low. At t7, S_EN may
also transition from low to high to complete the sense opera-
tion.

Referring to FIG. 5, a block diagram of an exemplary
semiconductor chip 500 is illustrated, according to an
embodiment. The semiconductor chip may include the eFuse
cell array 200.

While the Detailed Description may refer to specific types
of transistors, logic gates, supply voltages, and the like it will
be appreciated that one skilled in the art may implement same
or similar functions using different transistors, logic gates,
and supply voltages in alternative embodiments as described
and still accomplish the same purpose of the invention. For
example, transistors may be PFETs or NFETs. Logic gates
may be AND, OR, XOR, NOR, NAND, XNOR or inverters.
Therefore, the scope of the invention should not be limited.

FIG. 6 shows a block diagram of an example design flow
600 that may be used for the eFuse cell 100 described herein.
Design flow 600 may vary depending on the type of integrated
circuit (IC) being designed. For example, a design flow 600
for building an application specific IC (ASIC) may differ
from a design flow 600 for designing a standard component.
Design structure 602 is preferably an input to a design process
604 and may come from an IP provider, a core developer, or
other design company or may be generated by the operator of
the design flow, or from other sources. Design structure 602
comprises eFuse cell 100 or eFuse cell array 200 in the form
of schematics or HDL, a hardware-description language, for
example, Verilog, VHDL, C, and the like. Design structure
602 is tangibly contained on, for example, one or more
machine readable storage medium, such as: a magnetic tape,
CD-ROM, a flash drive, a hard disk, or other tangible com-
puter readable storage medium. For example, design struc-
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ture 602 may be a text file or a graphical representation of
eFuse cell 100 or eFuse cell array 200. Design process 604
preferably synthesizes, or translates, eFuse cell 100 or eFuse
cell array 200 into a netlist 606, where netlist 606 is, for
example, a list of wires, transistors, logic gates, control cir-
cuits, I/O, models, etc. that describes the connections to other
elements and circuits in an integrated circuit design and
recorded on at least one of machine readable storage medium.
This may be an iterative process in which netlist 606 is resyn-
thesized one or more times depending on design specifica-
tions and parameters for the circuit.

Design process 604 may include using a variety of inputs;
for example, inputs from library elements 608 which may
house a set of commonly used elements, circuits, and devices,
including models, layouts, and symbolic representations, for
a given manufacturing technology, such as different technol-
ogy nodes, 32 nm, 46 nm, 90 nm, and the like, design speci-
fications 610, characterization data 612, verification data 614,
design rules 616, and test data files 618, which may include
test patterns and other testing information. Design process
604 may further include, for example, standard circuit design
processes such as timing analysis, verification, design rule
checking, place and route operations, and the like. One of
ordinary skill in the art of integrated circuit design can appre-
ciate the extent of possible electronic design automation tools
and applications used in design process 604 without deviating
from the scope and spirit of the invention. The design struc-
ture of the invention is not limited to any specific design flow.

Design process 604 preferably translates an embodiment
as shown in FIGS. 1-5 along with any additional integrated
circuit design or data (if applicable), into a second design
structure 620. Design structure 620 resides on a machine
readable storage medium in a data format used for the
exchange of layout data of integrated circuits, for example,
information stored in a GDSII (GDS2), GL1, OASIS, or any
other suitable format for storing such design structures.
Design structure 620 may comprise information such as, for
example, test data files, design content files, manufacturing
data, layout parameters, wires, levels of metal, vias, shapes,
data for routing through the manufacturing line, and any other
data required by a semiconductor manufacturer to produce an
embodiment as shown in FIGS. 1-5. Design structure 620
may then proceed to a stage 622 where, for example, design
structure 620 proceeds to tape-out, is released to manufactur-
ing, is released to a mask house, is sent to another design
house, is sent back to the customer, and the like.

While embodiments have been described with reference to
the details of the embodiments shown in the drawings, these
details are not intended to limit the scope of the disclosure as
claimed in the appended claims.

What is claimed is:

1. An eFuse array comprising:

an odd eFuse array and an even eFuse array;

the odd eFuse array comprising:

an odd eFuse cell,

an odd blowFET coupled between a first end of an odd
eFuse of the odd eFuse cell and ground,

an odd senseFET coupled between a second end of the
odd eFuse and an odd bit line, wherein the odd bit line
is coupled to both a sense amplifier and an odd refer-
ence resistor,

a gate of the odd blowFET and a gate of the odd
senseFET coupled to an odd control signal, and

the second end of the odd eFuse coupled to an odd
current source, wherein the odd current source:
provides an odd blow current to blow the odd eFuse

during programming,
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provides an odd sense current when sensing the odd
eFuse, wherein the odd current source does not
flow through the odd bit line, and

the odd current source flows through the odd refer-
ence resistor when the even eFuse array is selected;
and

the even eFuse array comprising:

an even eFuse cell,
an even blowFET coupled between a first end of an even
eFuse of the even eFuse cell and ground,
an even senseFET coupled between a second end of the
even eFuse and an even bit line, wherein the even bit
line is coupled to both the sense amplifier and an even
reference resistor,
a gate of the even blowFET and a gate of the even
senseFET coupled to an even control signal, and
the second end of the even eFuse coupled to an even
current source, wherein the even current source:
provides an even blow current to blow the even eFuse
during programming,
provides an even sense current when sensing the even
eFuse,
wherein the even sense current does not flow through
the even bit line, and
the even current source flows through the even refer-
ence resistor when the odd eFuse array is selected.

2. The eFuse array of claim 1, wherein the odd control
signal is a logical combination of an odd bitline select and a
wordline.

3. The eFuse array of claim 1, wherein the even control
signal is a logical combination of an even bitline select and a
wordline.

4. The eFuse array of claim 1, wherein the odd eFuse array
includes a plurality of odd eFuse cells arranged in rows and
columns, and the even eFuse array includes a plurality of even
eFuse cells arranged in rows and columns.

5. The eFuse array of claim 1, wherein the sense amplifier
is configured to:

sense a first voltage on the odd eFuse, and compare the first

voltage with a second voltage of the even reference
resistor; and

sense a third voltage on the even eFuse, and compare the

third voltage with a fourth voltage of the odd reference
resistor.

6. A design structure embodied in a machine readable
medium used in a design process, the design structure com-
prising:

an odd eFuse array and an even eFuse array;

the odd eFuse array comprising:

an odd eFuse cell,
an odd blowFET coupled between a first end of an odd
eFuse of the odd eFuse cell and ground,
an odd senseFET coupled between a second end of the
odd eFuse and an odd bit line, wherein the odd bit line
is coupled to both a sense amplifier and an odd refer-
ence resistor,
a gate of the odd blowFET and a gate of the odd
senseFET coupled to an odd control signal, and
the second end of the odd eFuse coupled to an odd
current source, wherein the odd current source:
provides an odd blow current to blow the odd eFuse
during programming,
provides an odd sense current when sensing the odd
eFuse,
wherein the odd current source does not flow through
the odd bit line, and
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the odd current source flows through the odd refer-
ence resistor when the even eFuse array is selected;
and

the even eFuse array comprising:

an even eFuse cell,
an even blowFET coupled between a first end of an even
eFuse of the even eFuse cell and ground,
an even senseFET coupled between a second end of the
even eFuse and an even bit line, wherein the even bit
line is coupled to both the sense amplifier and an even
reference resistor,
a gate of the even blowFET and a gate of the even
senseFET coupled to an even control signal, and
the second end of the even eFuse coupled to an even
current source, wherein the even current source:
provides an even blow current to blow the even eFuse
during programming,
provides an even sense current when sensing the even
eFuse,
wherein the even sense current does not flow through
the even bit line, and
the even current source flows through the even refer-
ence resistor when the odd eFuse array is selected.

7. The design structure of claim 6, wherein the odd control
signal is a logical combination of an odd bitline select and a
wordline.

8. The design structure of claim 6, wherein the even control
signal is a logical combination of an even bitline select and a
wordline.

9. The design structure of claim 6, wherein the odd eFuse
array includes a plurality of odd eFuse cells arranged in rows
and columns, and the even eFuse array includes a plurality of
even eFuse cells arranged in rows and columns.

10. The design structure of claim 6, wherein the sense
amplifier is configured to:

sense a first voltage on the odd eFuse, and compare the first

voltage with a second voltage of the even reference
resistor; and

sense a third voltage on the even eFuse, and compare the

third voltage with a fourth voltage of the odd reference
resistor.

11. A method for assembling an eFuse array, the method
comprising:

structuring an odd eFuse array and an even eFuse array;

the odd eFuse array comprising:

an odd eFuse cell,
an odd blowFET coupled between a first end of an odd
eFuse of the odd eFuse cell and ground,
an odd senseFET coupled between a second end of the
odd eFuse and an odd bit line, wherein the odd bit line
is coupled to both a sense amplifier and an odd refer-
ence resistor,
a gate of the odd blowFET and a gate of the odd
senseFET coupled to an odd control signal, and
the second end of the odd eFuse coupled to an odd
current source, wherein the odd current source:
provides an odd blow current to blow the odd eFuse
during programming,
provides an odd sense current when sensing the odd
eFuse,
wherein the odd current source does not flow through
the odd bit line, and
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the odd current source flows through the odd refer-
ence resistor when the even eFuse array is selected;
and
the even eFuse array comprising:
an even eFuse cell,
an even blowFET coupled between a first end of an even
eFuse of the even eFuse cell and ground,
an even senseFET coupled between a second end of the
even eFuse and an even bit line, wherein the even bit
line is coupled to both the sense amplifier and an even
reference resistor,
a gate of the even blowFET and a gate of the even
senseFET coupled to an even control signal, and
the second end of the even eFuse coupled to an even
current source, wherein the even current source:
provides an even blow current to blow the even eFuse
during programming,
provides an even sense current when sensing the even
eFuse,
wherein the even sense current does not flow through
the even bit line, and
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the even current source flows through the even refer-
ence resistor when the odd eFuse array is selected.

12. The method of claim 11, wherein the odd control signal
is a logical combination of an odd bitline select and a word-
line.

13. The method of claim 11, wherein the even control
signal is a logical combination of an even bitline select and a
wordline.

14. The method of claim 11, wherein the odd eFuse array
includes a plurality of odd eFuse cells arranged in rows and
columns, and the even eFuse array includes a plurality of even
eFuse cells arranged in rows and columns.

15. The method of claim 11, further comprising:

detecting, by the sense amplifier, a first voltage on the odd

eFuse;

comparing the first voltage with a second voltage of the

even reference resistor;

detecting, by the sense amplifier, a third voltage on the even

eFuse; and

comparing the third voltage with a fourth voltage of the odd

reference resistor.
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